Abstract: The purpose of our work was to observe the influence of probiotic preparation BioPlus 2B on average daily gains of weaned pigs, feed efficiency and to evaluate some metabolic indices. The weaned pigs, at the age of 42 days, were included into the trial and divided into four groups. Pigs in groups A (n = 5) and B (n = 4) received BioPlus 2B also before weaning. Only group A received BioPlus 2B, at the concentration of 3.2 × 10 9 CFU per kg of feed, after weaning continually. Groups C (n = 5) and D (n = 4) did not receive BioPlus 2B until the start of the trial, but group C was given BioPlus 2B at the same concentration as group A during the experiment. Blood samples for determination of metabolic indices were collected at the start of experiment, i.e. on 42 nd day of pigs life, and then on 56 th , 70 th , 84 th and 91 st days of pigs life. The following biochemical indices were evaluated within the trial: serum levels of total proteins, albumin, urea, total cholesterol and total lipids. Total serum protein level (p < 0.0001) and serum albumin level (p = 0.0024) in groups A and B were significantly higher in comparison with groups C and D on day 56 of pigs life. Serum urea level in group D was significantly (p = 0.049) higher than in group A on 70 th day of pigs life. Serum level of total cholesterol in group B on day 56 and 84 of pigs life was significantly (p = 0.0004) higher than in groups C and D. Total serum lipid level was significantly (p < 0.05) higher in B group compared to other groups on 56 th , 70 th , 84 th days of pigs life. Average daily gains (ADG) in A group, even if non-significantly, were about 10% better than in groups B, C, D between 57 th and 77 th days of pigs life. ADG in groups A and B were 14% better in comparison with that in groups C and D between 78 th and 91 st days of pigs life (p = 0.036). The best feed efficiency in the trial was in group A, approximately 13%, 16% and 21% better than that in the groups B, C and D, repectively.
Introduction
It has been proven that the microorganisms of the intestinal tract influence health and productivity of animals. Only a few species are able to survive permanently in gut, however, after weaning the intestinal microflora is getting stable and typical for each particular animal (Butine & Leedle, 1989) .
In the gut of humans, more than 10 14 bacteria exist, which means ten times more than is the number of all cells of the host. Undamaged gut epithelium and optimal composition of gut microflora prevent pathogens from growing and translocating (Holzapfel et al., 1998) . Consequently, scientific results show that selected probiotics at the concentration of 10 9 -10 11 decrease the incidence of diarrhoea (Sanders, 1999) . Salminen et al. (1999) defined probiotics as microbial cell preparations or components of microbial cell, which have positive effect on health and performance of the host. Chesson (1993) asserts that a probiotic strain should come from the intestinal tract (or tolerate conditions of the intestinal tract), adhere, maintain high vitality after freeze-drying, depositing, produce inhibitors against pathogens and stimulate immunity of the host.
In the past decade the genus Bacillus along with Lactobacillus, non-enterotoxic Escherichia coli, Bifidobacterium and Streptococcus have been used as probiotics.
According to taxonomy studies, the genus Bacillus can be divided into 5 or 6 groups (Claus & Berkeley, 1986 ). In the Bacillus subtilis group usually five physiologically similar species are described -Bacillus amyloliquefaciens, Bacillus atrophalus, Bacillus licheniformis, Bacillus pumilus and Bacillus subtilis. Barbosa et al. (2005) Isolates sporulated efficiently in the laboratory, and the resulting spores were tolerant to simulated gastrointestinal tract conditions. They exhibited also antimicrobial activity against a broad spectrum of bacteria, including food spoilage and pathogenic organisms. Results suggest that some of the sporeformers have the potential to persist in or transiently associate with the complex gut ecosystem. Bacillus species influence also metabolic indices in the blood of host. Samanya & Yamauchi (2002) revealed that chickens fed dried Bacillus subtilis spp. natto for 28 days had decreased blood ammonia concentration in the experimental group (P < 0.05). These results suggest that Bacillus subtilis spp. natto was responsible for decreased ammonia concentration.
The aim of our study was to evaluate some metabolic indices in blood of weaned pigs after administration of probiotic preparation BioPlus 2B, which contains equal proportions of Bacillus licheniformis and Bacillus subtilis at the concentration of 3.2 × 10 9 bacteria per gram. We observed also average daily gains and feed efficiency.
Material and methods

Animals
Eighteen weaned, cross-bred (Landrace × Slovak White) piglets, at the age of 42 days, were included into the experiment. Experiment lasted seven weeks, up to the age of 91 days. All groups of piglets have approximately the same weight at the start of the trial without significant differences. Average weights in groups A and B were ∼13.1 kg and weights in groups C and D were 11.9 kg and 12.1 kg, respectively. Piglets in each group were kept together in one pen throughout the trial; they were fed commercial mixed feed ad libitum.
Experimental design
Group A (n = 5) and group B (n = 4) consisted of pigs, which were given probiotic preparation BioPlus 2B at the concentration of 3.2 × 10 7 Bacillus licheniformis and Bacillus subtilis pro toto every day also before weaning. In the experiment, after weaning at the age of 42 days, only group A was given BioPlus 2B in dry mixed feed at the concentration 3.2 × 10 9 bacteria per kg of mixed feed continually. Group C (n = 5) and group D (n = 4) did not receive any probiotics until weaning. In our experiment, after weaning at the age of 42 days, pigs in group C received the same concentration of BioPlus 2B as group A, i.e. 3.2 × 10 9 bacteria per kg of feed.
Groups B and D did not receive preparation BioPlus 2B in the experiment after weaning.
Pigs were fed an appropriate dry feed mixture depending on the age. At the beginning of the trial they were fed a starter feed mixture and at the end of the experiment they were given feed mixture for fattening. That means, that at the age of 42 days starter mixture (OŠ-02) was given to weaned pigs and at the age of 56 days starter feed was changed to pre-fattening feed mixture (A1). Both types of mixed feed are based on barley and wheat, A1 contained much less maize than OŠ-02. As the trial was carried out before Slovakia has joined the European Union, it was allowed to use meat-bone meal in mixed feed (Tajba a.s., Čaňa, Slovakia). Starter feed contained crude protein (18.6%), lipids (3.7%), crude fibre (3.5%) and ash (6.7%); the diet provided 13.0 MJ of DE. Fattening feed contained crude protein (17%), lipids (3.1%), crude fibre (4%) and ash (5.8%); the diet provided 12.5 MJ of DE.
Average daily weight gains, feed efficiency and some indices of protein and lipid metabolism were evaluated in the experiment. In order to monitor daily weight gains in accordance with growth capacity of pigs, we divided the experiment into three parts: (i) the first period lasted from 42 nd to 56 th day of pigs life, i. e. up to 17 kg of body weight; (ii) the second period lasted from 57 th to 77 th day of pigs life, i. e. up to 30 kg of body weight; and (iii) the third period lasted from the 78 th to 91 st day of pigs life. Pigs were weighed every week and the feed efficiency was calculated at the end of each period of the experiment.
Probiotic preparation
BioPlus 2B consists of equal part of Bacillus licheniformis and Bacillus subtilis at the concentration of 3.2 × 10 9 CFU per gram of preparation (Chr. Hansen A/S, Hørsholm, Denmark). Both bacteria are tested for stability and qualities and they are deposited in German Collection of Microorganisms as DSM 5749 and DSM 5750. According to distributor, the recommended ratio in feed mixture for weaned pigs is 400 grams of preparation per ton of feed.
Laboratory tests
Blood samples for determination of protein and lipid parameters were collected in two-week periods. Blood was sampled at the start of the experiment, i.e. at the age of 42 days of piglets life, and then on 56 th , 70 th , 84 th and 91 st day of piglets life. The blood was taken from the eye sinus (KOVÁČ et al., 1990) . All blood samples were collected between 8.00 and 9.00 hours, i.e. at the same time after morning feeding. Metabolic parameters were determined from blood serum, which was obtained after coagulation and centrifugation of blood.
Total protein, urea, albumin and cholesterol levels in serum were determined with multiparametric photocolorimetric analyser ALIZE (Lisabio, France) with the use of BioMerieux kits (France). The kits use for determination of total proteins in serum the principle of the Biuret reaction and for determination of serum albumin the bromcresol green at pH 4.2. Urea was determined using the urease and modified Berthelot reaction, and cholesterol by enzymatic determination.
Total lipids were analysed using colorimetric determination at the wave length 530 nm, with LACHEMA tests (Czech Republic).
Statistical analysis
Results were analysed in order to obtain the mean values and standard deviation (SD), using GraphPad Prism statistical software. One-way ANOVA test was used for statistical evaluation between the groups; the significance level to differentiate parameters was set to α = 0.05. 38.3 ± 3.0 40.6 ± 2.5* 36.3 ± 2.5 39.9 ± 3.5 40.5 ± 1.6 Albumin -B (g/L)
40.4 ± 1.6 42.2 ± 1.7* 35.5 ± 1.6 38.4 ± 2.9 37.6 ± 2.1 Albumin -C (g/L)
39.3 ± 2.1 35.6 ± 3.0* 35 ± 2.1 38.5 ± 2.7 40.6 ± 3.4
39.4 ± 1.8 34.9 ± 1.2* 34.6 ± 2.7 38.9 ± 3.3 40.5 ± 2.6 a A, B, C, D -groups A, B, C, D. * -p < 0.05 among the groups. 
Results
Total serum protein level in groups A and B were significantly (p < 0.0001) different compared with the groups C and D on day 56 of pigs life. In group A the average level of total proteins was 60.8 g/L, in group B 64 g/L and in groups C and D only 51 g/L. In general, the highest levels of total proteins were in all groups on days 84 and 91 of pigs life (Table 1) . Serum urea level ranged within 3.2-6.2 mM, with the lowest levels on days 42 and 56 of pigs life. During the trial we revealed continuous increase in urea levels in all groups. We found significant differences among the groups on day 70 of pigs life (p = 0.049), when urea level in group D was 6.2 mM whereas in group A 5.05 mM (Table 1) .
Serum albumin levels in groups A and B were the highest on 56 th day of pigs life. Serum albumin levels in groups A and B were significantly (p = 0.002) higher on day 56 pig life in comparison with groups C and D (Table 1) .
During the trial, serum levels of total cholesterol generally ranged from 1.8 to 3.1 mM; in one case it reached 3.6 mM. In the group B total cholesterol level was generally higher compared with groups C and D, which performed significant differences on days 56, 84 and 91 of pigs life (p = 0.0004 and p = 0.012, respectively).
Similar to cholesterol level, also the total lipid level in group B increased until the day 84 of pigs life and then also in the group A decreased on 91 st day of pigs life. On the contrary, serum lipids in group C had decreasing tendency during the trial, and serum lipids in group D were not stable during the experiment. We revealed significant differences (p = 0.006, p = 0.02, p < 0.001) among the groups on 56 th , 70 th , 84 th day of pigs life (Table 2) .
Average daily gains (ADG) were evaluated in three periods of the trial. In the last period of the trial, when ADG in groups A and B reached approximately 0.8 kg per day and in groups C and D only 0.66, significant differences (p = 0.36) were revealed among groups (Table 3).
Utilisation of feed in the group A was the best of all groups. In this group we found that conversion of feed was 2.07 kg of dry mixed feed per kilogram of body weight gain. In group B it was 2.35 kg, in group C 2.48 kg, and in group D 2.63 kg. After evaluating the results we found that conversion of feed was about 13% better in group A in comparison with the group B, whereas in group C the conversion of feed was 6% better than that in the group D (Table 4) . 
Discussion
Weight of pigs increased during the experiment from initial 12-13 kg of body weight to 38-42 at the age 91 days. ADG between the 42 nd and 56 th day of pigs life were 0.34-0.38 kg/day, later between the 57 th and 77 th day of pigs life a continuous increase to 0.58-0.66 kg/day was observed, and finally between the 78 th and 91 st day of pigs life it was 0.66-0.78 kg/day. According to Lazar et al. (1984) a norm for weight gains in category 8-17 kg is 430 g/day, in category 17-30 kg it is 530 g/day and in category 30-40 kg it is 590 g/day.
According to Straw et al. (2003) we achieved ideal ADG in our trial, moreover at the age of 60 and 80 days pigs in our trial had even better growth rate.
After evaluating the growth rate among groups we can say that application of preparation BioPlus 2B had a positive effect on ADG. Group A, which was given preparation from time of birth up to the end of trial, achieved the best results in the trial. The results suggest positive effect of long-term BioPlus 2B administration.
Administration of BioPlus 2B to groups B and C had not such a high-positive effect as in the group A, which can be explained by shorter period of administration. In group B BioPlus 2B was administrated only in the suckling period and so ADG were not as high as in the group A. Alexopoulos et al. (2004b) tested the efficacy of BioPlus 2B on the health status and productivity of pigs, during weaning, growing and finishing stages of growth. The results have shown that BioPlus 2B-treated pigs had a lower morbidity and mortality during the whole trial period -compared with the double controls (9.26-14.81% versus 25.93% and 0.00-3.70% versus 11.1%, respectively), as a result of the lower incidence of post-weaning E. coli-caused diarrhoea. Weight gain, feed conversion and carcass quality of the BioPlus 2B-treated pigs were improved compared with the double controls, whilst the beneficial effects of the probiotic were more pronounced when the medium and high doses were used.
Stability of total proteins and albumin in blood of long-term treated piglets was revealed in our experiment. It could be caused by better utilisation of feed proteins by microbial enzymes. Ahrens et al. (1992) conducted an experiment on weaned pigs and observed that supplementation of their rations with BioPlus 2B, at a dose of 1.2 × 10 6 /g feed, resulted in higher weight gains (by 10%) and better conversion of feed in the first three weeks of the experiment. Also the ADG were significantly higher in the experimental group (679 g/day) during the subsequent two weeks in comparison with the control (570 g/day). Digestion of proteins in the small intestine of experimental pigs was significantly better (76%) in comparison with that in the control (68%). This effect is the most important during changing of mixed feed.
These results are in agreement with assertion that Bacillus licheniformis and Bacillus subtilis produce a number of enzymes, among which protease, lipase, amylase are the most important for helping the digestion of proteins from feed (Michalík et al., 1994) .
Bacillus species are able to germinate in gut after administration, and then help the host to digest feed. Hoa et al. (2001) revealed that the number of eliminated Bacillus subtilis bacteria was higher than that in the inoculum, i.e. one may assume that germination and multiplication of probiotic spores occurred. Germination of spores of Bacillus cereus var. toyoi in the intestinal samples from both broiler chicks and suckling piglets was also confirmed by Jadamus et al. (2001) . Nakano & Zuber (1998) revealed that after giving glucose and nitrate as a terminal electron acceptor, Bacillus subtilis has been shown to grow anaerobically. It seems that germination of spores in the digestive tract is a precondition of the potential probiotic effect resulting in the improvement of health and increased weight gains in farm animals.
Decrease in serum cholesterol after administration of BioPlus 2B was not proven, because cholesterol levels in the C and D groups were almost the same. Xiao et al. (2003) described lowering of the serum concentration of total cholesterol and low-density lipoprotein cholesterol after administration of Bifidobacterium longum in rats in comparison with the control. Streptococcus thermophilus and Lactobacillus delbrueckii ssp. bulgaricus did not have, however, the same effect.
According to Kiessling et al. (2002) long-term consumption of Lactobacillus acidophilus 145 and Bifidobacterium longum 913 in women did not influence the serum concentration of total cholesterol and the low-density lipoprotein cholesterol, but the ratio of LDL/HDL cholesterol decrease from 3.24 to 2.48 (p = 0.002). Selection of bacterial species seems to play the most important role in lowering the total serum cholesterol concentration.
On the other hand, Alexopoulos et al. (2004a) described higher serum cholesterol, total lipid concentrations, milk fat and protein contents at mid-suckling period after BioPlus 2B administration to sows. As a consequence, a positive effect was also noticed with regard to litter health and performance characteristics in terms of: (i) decrease in piglet diarrhoea score; (ii) decrease in pre-weaning mortality thus leading to increase in the number of weaned piglets per litter; and (iii) increase in piglet's body weight at weaning.
One of the mechanisms of decreasing the serum cholesterol level is its conversion to coprostanol in the intestinal tract, which is not absorbed. However, Cardona et al. (2003) did not find conversion of cholesterol to coprostanol after application of Bacillus licheniformis NCTC 13123 to germ-free mice. Consequently, they judged that Bacillus licheniformis alone did not influence cholesterol metabolism. We suppose that this notion was also proven in our trial.
Total serum cholesterol in blood of weaned piglets was not decreased by BioPlus 2B administration. The continuous probiotic administration in group A maintained the serum levels of total proteins, urea and albumin of weaned pigs more constant than in the groups C and D. BioPlus 2B prevented serum urea level from increasing in period of changing mixed feed. Long-term administration of BioPlus 2B appears to be more effective because high daily weight gain could be achieved.
